abstract. To evaluate the influence of mating behavior on cardiac function, changes in heart rate (HR), electrocardiogram (ECG), hematocrit (Hct) and serum concentration of alpha-atrial natriuretic peptide (alpha-ANP) were evaluated in 10 clinically sound Thoroughbred stallions before and after mating behavior. The stallions were submitted twice to experimental pseudomating in the same month in 2009 and 2010. Measurements and blood samples were collected at a stable before mating (baseline) and at a covering yard before and after mating. ECG was recorded by a Holter-ECG system. Arrhythmias were detected in 5 stallions before or after mating behavior. Minimum HR (HRmin), maximum HR (HRmax) and HR recorded when the stallions entered into yard (HRent) and ejaculated (HRejc) were 34.2 ± 3.7, 168.9 ± 14.2, 141.8 ± 35.3 and 142.6 ± 27.3 beats/min, respectively. Time from entrance into the yard to ejaculation (mating time; MT) ranged from 30 to 2,103 sec and was highly correlated with HRent (r=−0.82) and the time required for attaining HRmax after entrance into the yard (dT HRmax) (r=0.87). Hct and serum alpha-ANP concentration significantly increased after ejaculation (60.0 ± 3.2%, P<0.0001, and 1.54 ± 0.61 ng/ml, P=0.0353) compared with the baselines values (46.9 ± 4.4%, 1.40 ± 0.60 ng/ml). HRent and Hct were significantly higher in the stallions with an MT of less than 5 min (n=5) compared with those (n=5) with an MT of more than 5 min (P=0.0324 and P=0.0082). Mating behavior increases the workload of the heart in Thoroughbred stallions. KEY WORDS: atrial natriuretic peptide, heart rate, hematocrit, horse, stallion.
Cardiovascular disease is the third most common cause of poor performance following musculoskeletal and respiratory diseases in athletic horses [1] . However, no reports have been presented in stallions. In our unpublished data of 7 stallions (6 Thoroughbreds and 1 Anglo-Arabian) that died suddenly due to cardiac failure from 1991 to 2008, 4 cases happened shortly after mating. Arrhythmia directly responsible for death was not detected in any of them by electrocardiography (ECG) at resting. However, a study of 24-hr continuous records of ECG in clinically healthy horses revealed that all of the horses had periods of sinus arrhythmia in a resting and undisturbed state [11] . Diagnostic ECG combined with functional exercise has become increasingly important in assessing equine cardiovascular diseases [1, 3] . ECG measurements in exercising racehorses have revealed not only the increase of heart rate depending on the physical intensity of exercise, but also exercise-induced arrhythmia [1, 3] . It has become apparent that arrhythmia is related to sudden cardiac death during training and racing in Thoroughbred horses [6] .
We hypothesize that mating might be an inducer of arrhythmia similar to physical exercise or result in a temporal deterioration of cardiac pathology due to the increased workload of the heart. However, enhanced heart function of stallions in mating has not been recorded because stallions are expensive and prized in the stallion business. The hematological and biochemical markers indicating heart pathology as well as the increased hemodynamic workload should be also investigated in stallions. Previous studies of athletic horses have shown increases in blood levels of atrial natriuretic peptide (ANP) in response to atrial stretch or distention during exercise [8] [9] [10] . In any case, the effects of mating behavior on the stallion cardiac function have been poorly understood; enhanced heart function and its association with blood analysis in mating have not been investigated. The aims of this study were to evaluate the arrhythmia and change in heart rate (HR) associated with mating behavior and to analyze the hematological and biochemical indications of heart function and hemodynamics in stallions.
MATERIALS AND METHODS

Animals:
Ten Thoroughbred stallions, 7 to 16 (mean ± standard deviation: 12.7 ± 3.2) years of age, that were free of cardiovascular symptoms indicative of valvular diseases and myocardiopathy and had completed mating with 3 to 98 and 0 to 87 broodmares contracted in 2009 and 2010, respectively, were used as the subjects in this study. Two experiments were carried out on each stallion in the same month of 2009 and 2010, taking advantage of pseudomating to obtain semen for routine analysis. This procedure with a heated mare was not different from routine breeding, except for collecting the semen by use of a condom or artificial vagina.
Protocol: Blood samples before mating were collected to measure baselines for hematocrit (Hct) and serum alpha-ANP at rest in the stallions' stables. In accordance with a precordial lead system, a positive electrode was attached over the left apex compared with the negative electrode over the jugular furrow. The ECG recorder was placed onto the left flank region and fastened with a roll of adhesive bandages. After synchronizing the reportorial watch with the time embedded in the Holter ECG recording instrument (QR2500, Fukuda M-E Kogyo Co., Ltd., Tokyo, Japan), the start of recording was marked. A reporter recorded the time of the following events throughout the period of ECG monitoring: the events included such things as leaving the stable, entering the covering yard, mounting behavior, ejaculating and exiting from the yard. The mating time (MT), defined as the time from entering the yard till ejaculating, was recorded. After returning to the stables, blood samples were obtained from the jugular vein within 3 min after ejaculation, and the ECG electrodes and recorder were removed. After a hematological analysis including Hct measurements that were determined with hematocrit tubes (12,000 rpm, 5 min), the blood samples were centrifuged to obtain the sera.
Measurements from ECG records: ECG data stored into a secure digital memory card was later analyzed by use of a special application program (HS1000Vet system, Fukuda M-E Kogyo Co., Ltd.) to detect arrhythmia, measure the interval and amplitude in the waves and calculate HR. Firstly, using averages of R-R intervals recorded for 10 sec, a line chart presenting the changes in HR was made for the experimental period of each horse, which was helpful to obtain the minimum and maximum HR (HRmin and HRmax, respectively) and subsequently calculate HRs at the times of entering into the covering yard (HRent) and ejaculating (HRejc). The time difference from entering the yard until reaching HRmax (dtHRmax) was also calculated. Alpha-ANP: Serum level of alpha-ANP was also measured by a fluorescent immunoassay kit (EK-005-06, Phoenix Pharmaceuticals, Inc., Burlingame, CA, U.S.A.) that was designed to detect a specific peptide of human, porcine, ovine and canine alpha-ANP (1 to 28 amimo acids) and its related peptides based on the principle of competitive enzyme immunoassay. The percent cross-reactivity of the peptide in equine samples would be 100 because of the good agreement in the primary structure with other mammals including the horse [12] . The immunoplate in this kit is precoated with a secondary antibody, and the nonspecific binding sites are blocked. The secondary antibody can bind to the Fc fragment of the primary antibody (peptide antibody), whose Fab fragment can be competitively bound by both biotinylated peptide and peptide standard (range: 0.04 to 25 ng/ml) or targeted peptide in samples. The biotinylated peptide interacts with streptavidin-horseradish peroxidase (SA-HRP), which catalyzes the substrate (3,3',5,5'-tetramethylbenzidine; TMB). The optical density was read at 450 nm. The yellow color intensity is directly proportional to the amount of biotinylated peptide-SA-HRP complex but inversely proportional to the amount of the peptide in standard solutions or samples. This is due to the competitive binding of the biotinylated peptide with the standard peptide or samples to the peptide antibody (primary antibody).
Statistics: All HR parameters and quantitative data for Hct and alpha-ANP were expressed as means ± 1 standard deviation, and differences between measurements were analyzed by the paired t-test. Differences at the P<0.05 level were considered statistically significant. Regression analysis was used to determine relationships among all sorts of HR and time parameters, and then coefficients of correlation were determined. 10 , recorded twice at 192 and 207 sec after ejaculation in the 1st experiment and four times at leaving his stable, 40 sec before entering the covering yard and 10 sec before 1st and 2nd mounting in the 2nd experiment) were identified before and after mating, as presented in Fig. 1 .
RESULTS
Arrhythmias including sinoatrial block (S-
All HR parameters, time parameters, Hct and alpha-ANP values associated with mating are given in Table 1 . Correlation coefficients between the different two experiments in the different years (2009 and 2010) were statistically significant for HRmin (r=0.67), HRent (r=0.77), dtHRmax (r=0.90), MT (r=0.96), Hct after a mating (r=0.72) and alpha-ANP before (r=0.85) and after (r=0.88) mating. The coefficients were lower for the HRmax, HRejc and Hct baselines. HRmin, HRmax, HRent and HRejc were 34.2 ± 3.7, 168.9 ± 14.2, 141.8 ± 35.3 and 142.6 ± 27.3 (beats/min), respectively. HR was significantly increased at the time entering the covering yard, and the HRent level was approximately the same as the HRejc level (Fig. 2) . Interestingly, HRmax was recorded before or within 1 min after entering the covering yard (8 horses in 2009, 4 horses in 2010, Table  1 ). Hct and the serum level of alpha-ANP were also significantly higher after mating (60.0 ± 3.2%, 1.54 ± 0.61 ng/ml), as compared with the baselines before mating (46.9 ± 4.4%, 1.40 ± 0.60 ng/ml) (Fig. 2) . The differences between the postmating measurements and the baselines of serum ANP were significantly (r=0.48) correlated with HRmax, but the differences for Hcts before and after mating were not (data not shown). MT was positively and negatively correlated with dtHRmax (r=0.87) and HRent (r=−0.82), respectively (Fig. 3) . HRent and Hct before mating were significantly higher in the horses with an MT of less than 5 min (158.4 ± 25.6 beats/min, 49.3 ± 3.8%, n=5) compared with those with an MT of more than 5 min (125.2 ± 36.8 beats/min, 44.4 ± 3.6%, n=5) (Fig. 4) .
DISCUSSION
This paper presented novel knowledge concerning cardiac function during mating of stallions in active service that was obtained using Holter ECG and blood analysis. Although the data were obtained before, during and after pseudomating, the stallions were mated with heated mares, which would cause them to experience sufficient sexual excitement followed by unaffected ejaculation, corresponding to normal breeding. Abundant semen samples were obtained using a condom or artificial vagina following normal ejaculation. We supposed that the results from pseudomating as presented here would be close to those at the time of normal routine breeding. Generally speaking, ECG monitoring of Thoroughbred stallions during normal routine mating could never be approved by the persons responsible for horse management, who might claim that the experimental procedures might affect their mating behavior; thus, we supposed that the data obtained in pseudomating as presented here would be very valuable to understand heart function durig mating. However, the experimental design of this study was a little restricted; each animal was examined once a year because their routine mating for the year had to be absolutely unaffected by the experiments. Thus, each horse was subjected to the experiments once per year for 2 years (2009 and 2010). As the reproducibility of the results was evaluated on the basis of the significant correlations between the 2 experiments in the different years, HRmin, HRent and dtHRmax, which showed significant correlations, could be reproducible candidates for routine HR parameters in horse mating. The highest coefficient (r=0.96) of MT suggested that the 2 experiments were duly carried out without any trouble due to unpleasant experimental procedures and equipment, such as the ECG electrodes and recorder, adhesive bandage, condom and artificial vagina, and we also supposed that the pseudomating in this study might bring about the behaviors and course corresponding to routine mating in covering yards. In this study, no serious arrhythmias with concerning clinical signs were recorded, but S-A block (No. 7), 2nd degree A-V block (No. 3) and VPD (No. 4, 8 and 10) were identified before and after mating. Three of the 5 horses (No. 3, 7 and 10) were diagnosed with the same arrhythmias in both experiments, including A-V block, S-A block and VPD, respectively; this result appears to be also reproducible. In 88 poorly performing Thoroughbred racehorses judged to be free of significant heart disease or arrhythmia at rest, 55 horses had at least one VPD or supraventricular premature depolarization (SVPD) that was seen predominantly during the first min of recovery from standardized incremental treadmill exercise tests [5] . In another study using 105 horses considered to be physically healthy, 68, 17, 30 and 24 horses had sinus arrhythmia, 2nd degree A-V block, VPD and SVPD, respectively; these were recorded during warm-up, during recovery and post exercise, rather than during exercise [13] . Compared with these previous studies in racehorses, we supposed that the risk of arrhythmia-induced cardiac failure might be increased before entering the yard and after breeding, rather than during mating and ejaculating, although the noise due to movement makes it difficult to determine arrhythmias in Holter ECG during mating as well as exercise. No significant difference was determined for any HR, time, hematological and biochemical parameters between the 5 stallions associated with arrhythmias and the other 5 normal stallions. The interpretation and clinical relevance of arrhythmias observed Fig. 2 . Changes in heart rate (HR), hematocrit (Hct) and serum alpha-ANP concentration of stallions during mating. HR was significantly increased at the time of entering the covering yard, and the HRent level was the same as the HRejc level. Hct and alpha-ANP were also significantly higher after ejaculation, as compared with the values before mating. using the Halter ECG in poor performing stallions deserves further evaluation. As shown in Fig. 2 , HR was significantly increased at the time entering the covering yard, and the HRent level was the same as the HRejc level. Contrary to our expectation that HRmax could be attained at the time of mounting and ejaculating, three-fifths of them were recorded before or within 1 min after entering the covering yard. HRmax during mating (135 to 194 beats/min) appeared to correspond to the levels during trotting to cantering in detrained Thoroughbred geldings at a rate of 6 to 8 m/sec on a treadmill set at a slope of 6° [7] . The increased HR throughout mating in this study corresponded to the level during running at a speed of approximately 6 m/sec on a treadmill and lasted for 30 to 2,103 sec. Interestingly, the serum level of alpha-ANP in this study was also increased after mating, as compared with the baseline at rest. Alpha-ANP has been reported to increase in response to exercise [8] [9] [10] . The difference between the postmating measurement and the baseline of serum ANP was significantly correlated with the HRmax, but not with the change in Hcts before and after mating. Therefore, the increased level of serum ANP indicated that the right atrial pressure and stretch that attribute to production and release of alpha-ANP could be elevated in association with mating, although it might be undeniable that the hemoconcentration might affect the increased level of serum ANP. Hct was significantly increased after mating; we know that an increased Hct during physical exercise could be indicative of increased red blood cells in the systemic circulation from the spleen via splenic vascular constriction [14] . We speculated that enhanced oxygen transportation in mating could be like that during running but might be predominantly dependent on sexual and mental excitement rather than the accompanied physical exercise, unlike the situation during running. HRent and dtHRmax were significantly correlated with MT; this appears to be suggestive of the following hypothesis: the HRs of the stallions performing mating behavior more promptly had already increased to approximately the maximal level before or at the time of entering the covering yard. The impressionable increase in HR prior to mating could be indicative of sexual excitability in the stallion; this might, in principal, result in shortening of the mating time. Interestingly, Hct before mating was significantly higher in the horses with an MT of less than 5 min compared with those with an MT of more than 5 min. We speculated that the higher Hct in stallions might attribute to the more androgenic predominance because of human reports concerning high serum testosterone levels associated with excessive erythrocytosis [2, 4] . However, no previous studies on the relationship between hematocrit and testosterone levels in horses have been reported, and a significant correlation between hematocrit and plasma testosterone level was not confirmed in this study.
In conclusion, the present study showed that the increased HR in mating could be equivalent to that during cantering and could last for a few minutes, and the arrhythmias appeared before and after mating in a manner similar to that seen with running exercise. The increased heart rate and serum alpha-ANP concentration during mating suggest an increased workload of the heart during mating, and this may be associated with causes of sudden death we have encountered immediately following mating in the past.
